Abstract-In this study, propagation prediction models based on ray tracing in coverage estimation for broadcasting systems are compared with respect to computation time and accuracy in the case of close building heights. Uniform Theory of Diffraction (UTD), Slope Diffraction (S-UTD) and Slope UTD with Convex Hull (S-UTD-CH) models are compared for computation time and propagation path loss. Moreover in this study, effects of transmitter height to relative path loss at the receiver are analyzed. Furthermore, contribution of S-UTD-CH model to UTD model increases in the transition zone. As a conclusion, S-UTD-CH model is optimum model with respect to computation time and relative path loss in transition zone.
INTRODUCTION
For reliable and efficient digital communication, it is vital to calculate relative path loss of electromagnetic wave on the mobile user. A lot of electromagnetic wave propagation models have been developed for a long time to calculate the field strength at the receiver. Base station location is significant for efficiency of field strength on receiver and computational time. For reaching to all users, predicting the coverage field accurately and quickly is most significant. Radio propagation models run for calculating electromagnetic wave strength in radio planning tools predicting coverage and field strength on the receiver. In radio planning tools, Uniform Theory of Diffraction (UTD) model is used due to less computation time [1] . In the country side UTD model can be used with relatively less computation time and accuracy of field strength. In this case buildings are not in the transition zone of previous one. On the contrary, in urban regions there are multiple diffractions and due to that the height of buildings are close to each other buildings are in the transition region of the previous one. In that case UTD model fails to calculate the electric field strength at the receiver accurately. To remove the continuity problem on the transition region, Slope Uniform Theory of Diffraction (S-UTD) model is proposed. This model based on adding of derivative of incoming fields [2] [3] [4] . However this model fails to predict the field strength in the case of multiple diffraction scenarios including more than 10 buildings [5] . According to accuracy of predicted field and computation time, Slope UTD with Convex Hull model is optimum model [6, 7] . In this study, UTD, S-UTD and S-UTD-CH propagation models being used in broadcasting are compared with respect to accuracy and computation time. Moreover effects of transmitter height to relative path loss are discussed. Furthermore, it is discussed that contribution of slope diffraction to UTD model increases in the case of close building heights.
II. UTD BASED MODELS
UTD based models have been used for a long time in digital communication systems. UTD model gives inaccurate results on predicting field strength in application of multiple diffractions in transition zone diffraction. UTD model achieve on predicting the field strength in two cases. Unless there is one building in diffraction geometry, UTD model fails. In addition to this, UTD model predict the field strength accurately in the case of not closing building height. To remove the failure of UTD model in the transition zone, derivatives of the incoming fields are taken and added to total field in S-UTD model. S-UTD model has large computation time and loses the accuracy due to more than 10 diffractions. To remove the failure of S-UTD model, S-UTD-CH model is proposed. In fact proposed model is not new. It is only combination of two previously proposed models. This model is combination of Convex Hull [8] and S-UTD model. In this model, because of the obstacles having so little contributions are excluded from scenario, accuracy of predicted field is not compromised. Moreover, thank to less obstacle computation time reduced. Remarkably, even if only one obstacle is excluded, computation time reduce to one fifth [9] . The closer the building heights, the more contribution to UTD model is provided via adding of slope diffraction terms [10] .
III. COMPARISON OF UTD BASED MODELS
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In the case of multiple diffraction scenario including less than 11 diffractions, S-UTD model is reference model with higher accuracy. To compare the model the scenario given in Fig.1 is used. In this scenario, transmitting antenna height is selected as 25, 20, 15, 10 and 5 m respectively. Operational frequency assigned to 900 MHz. Average height of building 10 m and buildings' heights are randomly distributed between 10±1 m. Distance between the buildings is 20 m and distances between the buildings are randomly distributed between 20±1 m. Finally receiving antenna height is 1,5 m. In this scenario, because of closer building heights, buildings are in the transition zone of previous one. For that reason, slope diffraction coefficient is higher. Moreover, in some cases, there is no building elimination and then S-UTD and S-UTD-CH models give the same results. For given scenario, there made 20 simulations for UTD, S-UTD and S-UTD-CH models respectively. Firstly, transmitter antenna height is selected 25 m (highly elevated) and simulation results are given in Table I and II. As can be seen from the Table I , leftmost column gives computation times for UTD, the second column is for S-UTD and the last column is for S-UTD-CH models, respectively. The first and second row gives the mean and standard deviations of simulations. Moreover, S-UTD model require the highest computation time. As the diffraction number increases, computation time increases, too. Because of excluding not effective buildings, computation time of S-UTD-CH model is very lower. In spite of that S-UTD and S-UTD-CH model gives almost the same results (only 0,189 dB difference); computation time of S-UTD-CH model is 0,066 s whereas computation time of S-UTD model is 294,100 s. As illustrated in Table II leftmost column gives contribution of slope diffraction model to classical UTD model. The second column gives the difference of two slope diffraction models and the last column gives the number of elected buildings in S-UTD-CH model. Moreover, contribution of S-UTD model to UTD model is 0,078 dB resulting from adding of derivatives of incoming fields. Furthermore averagely 6,55 buildings excluded from the scenario caused by not having contribution.
Secondly, transmitting antenna height is selected as 20 m (elevated) with all the same parameters and results are given in Table III and IV. As can be seen from the Table III , leftmost column gives computation times for UTD, the second column is for S-UTD and the last column is for S-UTD-CH models, respectively. The first and second row gives the mean and standard deviations of simulations. Moreover, S-UTD model require the highest computation time. As the diffraction number increases, computation time increases, too. Because of excluding not effective buildings, computation time of S-UTD-CH model is very lower. In spite of that S-UTD and S-UTD-CH model gives almost the same results (only 0,261 dB difference); computation time of S-UTD-CH model is 0,371 s whereas computation time of S-UTD model is 322,100 s. 
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As can be seen from the Table V 
UTD vs S-UTD (dB) S-UTD-CH vs S-UTD (dB) ELECTED
0,412 0,135 2,250 0,607 0,098 0,550
As illustrated in Table VI , contribution of S-UTD model to UTD model is 0,412 dB resulting from adding of derivatives of incoming fields. Furthermore averagely 2,250 buildings excluded from the scenario caused by not having contribution.
Fourthly, transmitting antenna height is selected as 10 m (lower) with all the same parameters and results are given in the Table VII and VIII. As can be seen from the 
5,945 0,000 0,000 2,939 0,000 0,000
As illustrated in Table VIII , contribution of S-UTD model to UTD model is 5,945 dB resulting from adding of derivatives of incoming fields. Furthermore any buildings excluded from the scenario.
Finally, transmitting antenna height is selected as 5 m (lower) with all the same parameters and results are given in the Table  IX and X. 
UTD (s) S-UTD (s) S-UTD-CH (s)
1,363 370,600 369,500 0,390 71,732 70,534
As can be seen from the Table VII , S-UTD model require the highest computation time. S-UTD and S-UTD-CH model gives the same results due to no building elimination. Thanks to close building heights, buildings are in the transition zone of previous one. This results no elimination. Furthermore, computation times of slope diffraction models are the same. 
UTD vs S-UTD (dB) S-UTD-CH vs S-UTD (dB) ELECTED
5,703 0,000 0,000 4,022 0,000 0,000
As illustrated in Table VIII , contribution of S-UTD model to UTD model is 5,703 dB resulting from adding of derivatives of incoming fields. Furthermore any buildings excluded from the scenario.
IV. RESULTS AND DISCUSSIONS
In general, UTD model is the fastest model to predict the field strength in radio propagation. If the scenario includes less than 11 buildings, S-UTD model gives the ultimate accuracy. Despite that S-UTD model gives accurate results, this model has large computation time. With decreasing eliminated building number, S-UTD and S-UTD-CH model gives almost the same results. In the case of not eliminating buildings, these two models predict the relative path loss at the receiver similarly. As the difference between the building heights decreases, building heights close to each other. Therefore S-UTD model have the most contribution to UTD model resulted from adding derivatives of the incoming fields. In the cases of elevated and highly elevated transmitting antenna, direct fields are dominant and so contribution of derivative terms are very small and can be ignored. In these cases, UTD model can be used with higher accuracy and less computation time. As a conclusion, S-UTD-CH model is optimum model for accuracy of predicted field and relatively less computation time in multiple diffraction scenarios.
